The Internet has become a growing channel for consumer purchases. Half of all U.S. consumers made at least one purchase on-line in 2001. However, many consumers report frustration with the lack of support for navigation within many Internet retailers' web sites. Several design patterns have been suggested to overcome these limitations, such as expanded hierarchies and breadcrumbs. This study investigated the effects of these design patterns on users' quantitative performance and subjective preference for ecommerce web sites. Expanded hierarchies, a design pattern that is commonly used by many retail web sites, degraded all of the performance metrics assessed in the study. Users required more time, made more errors, used more clicks, and had lower satisfaction scores for sites designed with expanded hierarchies. The results for breadcrumbs suggest that they may improve performance. The inclusion of breadcrumbs reduced the number of clicks required by users to complete the tasks, but other performance metrics did not reach statistical significance. The results indicate that design patterns that are believed to improve performance apriori may not yield the results expected.
INTRODUCTION
The Internet is the preferred channel for retail purchasing for many consumers because of convenience, broad selections, and features such as cross-vendor product comparison and expert reviews. The Internet also provides access to a global population of vendors. Comscore reported that $53 billion was spent by U.S. shoppers in 2001 and $128 billion was spent by non U.S. shoppers. However, online retail has the potential to grow much larger. AltaVista reported in 2000 that 23% of all on-line shopping attempts failed. That same year, the Boston Consulting Group reported that 80% of on-line shoppers have left a web site at least once without finding what they were looking for. Klein (2001) reports that one key reason people abandon shopping carts and report frustration with the on-line shopping process is poor support for basic navigation. With better navigation, many of these abandoned attempts could be prevented and additional consumers may migrate their purchasing to the Internet channel. Lohse and Spiller (1 999) found that navigation features that reduce time to purchase explained 6 1 % of the variance in the monthly sales of on-line retailers. The number of hyperlinks explained an additional 10%. The number of hierarchy levels had no effect, perhaps because more levels led to better scent (see Larson and Czenvinsky, 1998 for a full explanation of scent). Featured products along the way also had no effect. Kim and Yo0 (2000) found that content unrelated to the product hierarchy confused users' models of the site's information architecture and led them down incorrect paths. Users liked horizontal links, especially when they supported product comparison. Parent links were confusing, but no breadcrumbs were used in this study, so it's unknown whether they would have helped users identify their location and use that as a basis for further navigation.
Several navigational design patterns have been proposed for supporting effective browsing within online retail sites. Toms (2000) recommends generating specific routes through the system, reminding the user of past routes and highlighting the current location within the site's hierarchy. Pak, Rogers and Stronge (2000) recommend designs that facilitate users in developing an effective mental model of the site's organization. Syri, Salovaara, Mizobuchi and Ickikawa (200 1) report that users are willing to take more time to locate a product in return for more confidence that they are on the correct path (i.e. more scent).
These objectives can be accomplished through the prmence of navigation aids. In order to facilitate consistent and effective design of navigation aids, many organizations have begun promoting the creation of design patterns. A design pattern serves as a set of instructions for the creation and customization of a particular design concept in any environment. Common navigation design patterns include expanded hierarchies and breadcrumbs. However, research is necessary to determine whether these design patterns are effective in supporting web navigation.
Cole (1 997) suggests that hierarchies improve navigation when they are mapped to users' mental models of the content structure. Rosenfeld and Morville (1 998) report that when the structure of the information hierarchy is shown in a clear and consistent manner, navigation is facilitated because it builds context. These hierarchy links provide landmarks by which users can navigate.
Breadcrumbs may provide similar advantages. By showing the present location within the hierarchy and the path taken to arrive there, breadcrumbs assist users in backtracking to the appropriate level. This may be particularly important in error recovery.
OBJECTIVE
The objective of this study was to compare the performance of two common design patterns for navigating on-line retail web sites. Expanding hierarchies (see example in Figure 1 , left navigation bar) have been used to show browsers both where they are within the site's hierarchy and other places they can go. Breadcrumbs show all of the direct supercategories within the site's hierarchy of the browser's current location (see Figure 1 , top navigation bar). Both of these systems can be used to navigate by selecting any of the visible links. Clicking on a link navigates to the main page of that supercategory.
This study investigated the main effects and interactions of these two design patterns on users' quantitative performance and subjective preference when browsing for products on a retail web site. It was expected that both aids would improve user performance by providing details of the site's structure, allowing users to develop a more accurate mental model.
METHOD Participants
Thirty-six participants were recruited from the Miami metropolitan area, primarily from the student population at Florida International University. All participants had at least moderate experience with the Internet and some on-line shopping experience. The average age of participants was twenty-five. They were not familiar with either the contents or the navigation of the web site. 
Test Materials
Four versions of an on-line store that sells health food and nutritional supplements were created. The site had six major navigation areas. The product area contained six subcategories of products, each with five products for a total of thirty products. The four versions corresponded to a factorial pairing of the two design patterns. The control site had a simple category navigation bar on the left side in a traditional inverted L design (see Figure 2) . In one experimental condition, the navigation bar was expanded to include the subcategories and/or product list for the location where the user was currently in his or her navigation. The breadcrumb condition included a standard breadcrumb listing just underneath the horizontal services bar. From left to right, text links were presented that show the direct supercategories from the site's home page to the current location, each link separated by a ">>". The fourth condition contained both an expanded hierarchy and breadcrumbs (see Figure  1) .
Tasks
Participants were asked to locate five products within the store. Products were carefully selected to represent different areas of the hierarchy. Each product was located in a different main category. Furthermore, the products were selected from a variety of subcategory locations so that if the product from subcategory two was in position one, the products from other subcategories were in other positions. This was done to maximize the navigational steps required to complete the tasks. The tasks were presented to participants within a scenario that created a more realistic shopping task. Rather than a product list, a need was explained to the participant and they were asked to find an appropriate Meeting --2002 product. For example "find a low calorie snack that you can keep in your briefcase in case you feel hungry at work." Furthermore, they were instructed to prioritize speed and accuracy over explorative browsing. This better simulates a typical directed shopping task rather than a window shopping task.
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A between-subjects model was used to prevent learning and order effects. Each participant used only one version of the web site. Participants were randomly assigned to one of the four conditions. Participants were oriented to the study and were asked to respond to a brief demographic questionnaire. They were then shown the web site and given the shopping list. During the task, their path was recorded and timed. After completing the task, they were asked to report their subjective preferences for the site using the System Usability Scale (SUS) (Brooke, 1996 3.5 9.6' 7.6 5.5
A summary of the effects of the expanded hierarchy and breadcrumbs are shown in Table 1 . Table 1 a shows the sample means for each of the four conditions. Table 1 b shows the pairwise comparisons and significance levels. The presence of expanded hierarchies degraded performance on each of the performance indicators assessed during the study. There were significant increases in time, errors committed, and the number of clicks required to complete the task. There was a marginally significant decrease in satisfaction, as measured using the SUS usability scale. The magnitudes of the performance decrease are considerable for many of these performance indicators. The time required to complete the tasks was 23% higher when hierarchies were expanded. The number of errors increased by 270% and the number of clicks used increased by 35%. The number of errors was compounded because of backtracking errors. Participants could have used the expanded hierarchies to recover from errors in one click, but often used the BACK button -a method requiring several clicks. a somewhat beneficial impact on performance. The number of clicks decreased by a marginally significant 12% (p<0.07). Time decreased by 14% and errors decreased by 28%, although these differences did not reach statistical significance. The small increase in satisfaction also was not statistically significant.
~. There was one marginally significant interaction regarding satisfaction. The presence of breadcrumbs increased satisfaction, but only when there were no expanded hierarchies (p<O. IO). Satisfaction when both design patterns were included was no different than when only the expanded hierarchy was present or the control condition.
The effects of including breadcrumbs on the site had 
DISCUSSION
The results of this study provide guidance for web site designers in two directions. Specifically, the study provides guidance about the effects of two navigation design patterns on the performance of users who were previously unfamiliar with the ecommerce web site, but who were experienced at using the Internet and shopping online in general. The results show that expanding hierarchies degrades performance. This result was quite robust, appearing in every performance indicator measured. Breadcrumbs seemed to have a moderately positive effect. Though many of the improvements were not statistically significant, a larger study may have greater power and identify a significant result.
From a practical perspective, the key performance indicators on which to focus are the navigation errors and the satisfaction ratings. In non-research settings, these errors could have led to abandonment of the shopping process, either due to frustration or a belief that the site did not contain a product that met the specified need. There was a considerable difference between the breadcrumbs-only condition (2.9 errors) and the expanded hierarchy-only condition (1 1 .O errors). This difference could easily lead to significant differences in sales. The instructions specifically created a directed shopping scenario, so it is unlikely that these errors were due to intentional exploration of the site.
The satisfaction differences, though marginally significant in some cases, are not of a magnitude likely to have any practical effect. A rise from 79 to 82 on the SUS scale probably does not reflect a difference that would lead to changes in customer behavior. Apparently, the errors and confusion were not disruptive enough to reduce satisfaction with the interface. However, satisfaction interacts with many variables, so even this small difference may be more important on other sites.
This study investigated the performance of customers who were unfamiliar with the layout of the store prior to the study. Extensive domain knowledge may also yield different results for these two design patterns.
On a more general level, the study suggests that design patterns that are intuitively judged as positive ideas from which users will derive performance .and perceptual improvements may not be as beneficial as expected. Expanded hierarchies, which are used by many of the largest and most popular retail web sites, degraded performance on every indicator measured.
And breadcrumbs, which have also become common on most commercial web sites, provided only a small benefit. However, this study only looked at one ecommerce implementation. Others may yield different results. There are also other implementations of expanded hierarchies, such as those in which the user can expand and contract each level of the hierarchy, that were not included in the present study.
